Recognition of tRNAs by aminoacyl-tRNA synthetases: Escherichia coli tRNAMet and E. coli methionyl-tRNA synthetase.
In previous work we identified several specific sites in Escherichia coli tRNAfMet that are essential for recognition of this tRNA by E. coli methionyl-tRNA synthetase (MetRS) (EC 6.1.1.10). Particularly strong evidence indicated a role for the nucleotide base at the wobble position of the anticodon in the discrimination process. We have now investigated the aminoacylation activity of a series of tRNAfMet derivatives containing single base changes in each position of the anticodon. In addition, derivatives containing permuted sequences and larger and smaller anticodon loops have been prepared. The variant tRNAs have been enzymatically synthesized in vitro by using T4 RNA ligase (EC 6.5.1.3). Base substitutions in the wobble position have been found to reduce aminoacylation rates by at least five orders of magnitude. Derivatives having base substitutions in the other two positions of the anticodon are aminoacylated 55-18,500 times slower than normal. Nucleotides that have specific functional groups in common with the normal anticodon bases are better tolerated at each of these positions than those that do not. A tRNAfMet variant having a six-membered loop containing only the CA sequence of the anticodon is aminoacylated still more slowly, and a derivative containing a five-membered loop is not measurably active. The normal loop size can be increased by one nucleotide with a relatively small effect on the rate of aminoacylation, which indicates that the spatial arrangement of the nucleotides is less critical than their chemical nature. We conclude from these data that recognition of tRNAfMet requires highly specific interactions of MetRS with functional groups on the nucleotide bases of the anticodon sequence. Several other aminoacyl-tRNA synthetases are known to require one or more anticodon bases for efficient aminoacylation of their tRNA substrates, and data from other laboratories suggest that anticodon sequences may be important for accurate discrimination between cognate and noncoagnate tRNAs by these enzymes.